Kalanchoe pinnata (Crassulaceae) is a medicinal plant distributed in several areas of the World. Their leaves have been used, in folk medicine, for anxiety and sleep disorders among other proposes. Chemically, this plant is composed by organic acids, flavonoids, bufadienolides, triterpenoids and some ubiquitous compounds. In this study, the fresh leaves of K. pinnata were extracted in an accelerated solvent extraction (ASE) system using H 2 O (cold and hot) as well as with EtOH:H 2 O 1:1. The obtained crude extracts were analyzed by HPLC-UV-MS. As a result, were identified organic acids and flavonoids, these being
Kalanchoe pinnata (Lamarck) Persoon (Crassulaceae), also known as Bryophyllum calycinum, has been found in several regions around the world [1] . In Brazil, this plant is used, in folk medicine, for various medical applications, such as in the treatment of diarrhea, conjunctivitis, dermatitis, eczema, fever, infections, tuberculosis, respiratory infections, and inflammation [2] . Furthermore, the leaves of this plant have been used in the anthroposophical medicine for women in preterm labor and anxiety [3] . In obstetrics, the extract from the leaves of K. pinnata inhibits human myometrial contractility and has better tolerability when compared to -agonist drugs [4] . Additionally, several reports described the antileishmanial [5] , antimicrobial [6] , insecticidal [7] , antitumoral [8] , antioxidant [9] , antiallergic [10] , anti-inflammatory [1, [11] [12] , antiulcer [13] , antinociceptive/ analgesic [1, [12] [13] [14] hepatoprotective [15] , antiurolithic [16] , antidiabetic [1] , and antihypertensive [17] activities of crude extracts of K. pinnata.
Phytochemical studies reported the occurrence of organic acids, flavonoids, bufadienolides, triterpenoids, and some ubiquitous compounds [18, 19] . The presence of bufadienolides is directly associated with the known toxicity of this plant towards humans and cattle [20] . Kamboj et al. [21] reported the presence of related bufadienolides daigremontianin, bersaldegenin-1,3,5-orthoacetate, 3-O-acetyldaigredorigenin, 1-O-acetylbersaldegenin, 3-Oacetylbersaldegenin, hellebrigenin, lanceotoxins A and B, kalanchoside, bryotoxins A-C (bryophyllin A), and kalanchosides A-C from the leaves of several species of Kalanchoe. As reported, the presence of these compounds was detected when the plant material was extracted with EtOH or MeOH. On the other hand, reduced amounts of bufadienolides were found in aqueous extracts from the leaves [22] suggesting that the use of H 2 O as solvent (or co-solvent) could be associated to selective extraction of flavonoids and/or organic acids. Thus, aiming to establishment better conditions to extract flavonoids and reducing the obtainment of toxic bufadienolides, an alternative method of extraction was developed. The leaves were subjected to extraction using H 2 O (hot and cold) as well as with a mixture of H 2 O:EtOH (1:1) using an automatized accelerated solvent extraction (ASE) system, as showed in Figure 1 .
HPLC-DAD-MS analysis allowed the identification of glycosylated flavonoids, especially quercetin- [22, 23] and were identified as flavonoids quercetin-3-O--L-arabinopyranosyl-(1→2)--L-rhamnopyranoside (11) and quercitrin (13) due to [M -H] -ion peaks at m/z 579 and 447, respectively. As described above, the use of hot H 2 O as solvent showed higher efficiency to extraction of bioactive flavonoids 11 and 13 (55%) in comparison to extraction procedures using cold H 2 O (38%) or EtOH:H 2 O (1:1) (50%). Another main flavonoid, previously identified in K. pinnata [23, 24] 
-ion peak at m/z 563 and UV spectrum with absorptions with  max at 203, 265 and 365 nm. Similar to the flavonoids 11 and 13, the relative amount of 12 was higher when leaves were extracted using hot H 2 O or EtOH:H 2 O (1:1) (approximately 8%) in comparison to extraction using cold H 2 O (4.24 %). Concerning the main identified organic acids, compound 8 was identified as trans-p-coumaroyl glutaric acid due to the [M -H] -peak at m/z 277 and UV spectrum absorptions at 280 and 320 nm. This compound was detected in higher concentration (21%) in the crude extract prepared using cold H 2 O while approximately 15% of 8 was detected using hot H 2 O or EtOH:H 2 O (1:1).
Besides the identification of main compounds 8, 11 -13, the HPLC-DAD-MS data allowed the identification of additional metabolites such as caffeic (1), malic (2), citric (3), isocitric (4), and cis-p-coumaryl glutaric (7) acids as well as the flavonoids cyanidin-3-O--D-glucoside (5), dihydroquercetin (6), isorhamnetin-3-rutinoside (9), myricitrin (10) , and isoscoparin-7-O-arabinoside (14) . As observed in Table 1 , a diverse range of organic acids were detected when leaves were extracted using cold H 2 O. In comparison, only compounds 2 (malic acid) and 4 (isocitric acid) were detected, in reduced amounts, in the extract prepared using hot 
Flavonoids are common compounds present in plants that are highly exposed to sunlight, being biosynthesized as a self-defense mechanism, protecting leaves/stems/fruits/flowers from radiation, and also, against herbivores [22] . Apart from the protective action, the interest in flavonoids research is related to anticancer activity, since these compounds can also act as chemopreventive agents [27] . Therefore, the predominance of flavonoids in the extracts from leaves of K. pinnata, especially those prepared using hot H 2 O or EtOH:H 2 O (1:1), induced us to evaluate the in vitro anticancer potential of all prepared extracts. The cytotoxic profiles of these extracts were evaluated against different tumor and nontumorigenic cell lines and the IC 50 values were quantified ( Table 2) . The obtained results indicated that the crude extracts showed in vitro activity on murine melanoma (B16F10), human melanoma (A2058), human cervical carcinoma (HeLa), human leukemia (HL-60), human glioblastoma (U87-MG), with IC 50 values in the range of 10.6 ± 2.5 -93.1 ± 9.4 g/mL. Comparatively, the extracts from Chemical composition and cytotoxicity of Kalanchoe pinnata Natural Product Communications Vol. 13 (2) 2018 165 the leaves prepared using hot H 2 O and EtOH:H 2 O (1:1) were more active against the tested cancerous cell lines in comparison to the extract prepared using cold H 2 O. As could be seen in Table 2 , this effect is particularly detected in HeLa (IC 50 values of 10.6 ± 2.5 and 13.3 ± 1.8 g/mL, respectively) and U87-MG (IC 50 values of 49.1 ± 8.1 and 55.2 ± 7.3 g/mL, respectively) cells, demonstrating similar effects to the positive control cisplatin (IC 50 values of 20.4 ± 1.2 and 45.0 ± 6.0 g/mL to HeLa and U87-MG cells, respectively). Furthermore, these extracts were significantly less toxic against human foreskin fibroblasts (IC 50 values ranging from 88.1 ± 6.2 to 90.2 ± 4.1 g/mL). These results suggest that the higher amounts of flavonoids in the extracts prepared with hot H 2 O and EtOH:H 2 O (1:1) could be associated with these cytotoxicity effects. Similar effects have been observed from the chloroform extract of the leaves of K. pinnata [28] . This extract displayed cytotoxic properties and, after chromatographic separation procedures, the bioactive compound was identified as the bufadienolide bryophyllin A. Interestingly, our results indicated the absence of bufadienolide derivatives in the studied extracts from the leaves of B. pinnata being the cytotoxic potential associated to the presence of flavonoids, especially quercitrin and related compounds, which were reported to possess anticancer activity [29, 30] . A synergic effect could also be suggested to explain the potential of tested extracts since pure compounds 10 and 11 displayed reduced potential against the tested cell lines. Therefore, due to the importance of K. pinnata in the pharmacopeia, our results indicated that the use of pure H 2 O as solvent, especially hot in an ASE apparatus afforded a crude extract enriched in flavonoids. This procedure avoids the extraction of toxic compounds such as bufadienolides suggesting the safety of the use of extracts of K. pinnata prepared with this established extraction method. In conclusion, our results showed the impact that different extraction methods have on the chemical composition and pharmacological activity, which are notable for the anticancer activity associated to flavonoids. Preparation of extracts using accelerated solvent extractor (ASE): Crude extracts were prepared in an accelerated solvent extractor system Dionex ASE-350 (Dionex Corp., Sunnyvale, CA) using a stainless-steel Dionex cell of 22 mL with 10 g of fresh and chopped leaves. During the extraction cycle, the pressurized (1000 kPa) extraction was conducted for 5 min followed by a static extraction period. These operations were repeated during three cycles. Then, fresh extraction solvent (60% of the cell volume) was used to rinse the cell and during 90 s, a flow of nitrogen (1000 kPa) was used to purge the solvent. Determination of cell viability: Different crude extracts from the leaves of K. pinnata and pure compounds 10 and 11 were incubated with 1x10 4 tumor and non-tumorigenic cells for 24 h at different concentrations ranging from 0 to 100 g/mL. Cell viability was quantified using 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide (MTT; Sigma) and was shown as percent values in comparison with untreated cells as previously described [31] . Cisplatin was used for comparison of positive toxicity.
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Statistical analysis:
All experiments were performed in triplicates. Values are expressed as means ± standard deviations (S.D.). For statistical analysis, Student's t test was used for all experiments using the GraphPad Prism 4.0 software (La Jolla, CA), and p < 0.05 was adopted for significant differences.
